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ABSTRACT 

A fractional-N frequency synthesizer using a sigma-delta modulator and a 
method thereof are provided. The fractional-N frequency synthesizer having a phase 
locked loop type detects phases and frequencies of a comparison frequency signal and 
voltage controlled oscillation frequency signal divided by a predetermined division 
ratio, and generates the voltage controlled oscillation frequency signal by the 
phase/frequency detection result. The fractional-N frequency synthesizer comprises a 
sigma-delta modulator, a first addition means and a dual modulus divider. The 
sigma-delta modulator sigma- delta-modulates an external input signal with a fixed 
feedback coefficient, and generates a division ratio signal having a fractional type as 
the modulated result to output a 1-bit signal. The first additional means adds 
previously set first and second figures with the 1-bit output signal outputted from the 
sigma-delta modulator. The dual modulus divider changes a dual modulus counting 
value in response to an output signal from the first additional means, and performs a 
modulus control operation by the changed counting value to determined a division 
ratio of a voltage controlled oscillation signal represented by an integer or a fractional 
number. Accordingly, the fractional-N frequency synthesizer removes large spur 
generated in a specific period, reduces phase noise, and regulates frequency resolution 
accurately. 
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(54) AODhgEt Olg** ^-N ^ip^ ^ gjdgj 3 8KI 



CH BTS dsi SI^/^EK 3geKH, ?l£-/^Eh4= 3^1! HjIHHI °]SH KilOi BfS ^EM£ 

SS^fe =71 ^EH°J £4=-N ifS &XICHI 2JCHAI, A| 30 hi El- S27L XII17I- 

a- 4=e s eme^ ^7i# ^hiej-q. aqdi-ief him^ s**ei^ 21^ 

£!2Eh HIE^ TII^M 71-XIH, 2!^ gjq E|E^ 31^011 g^KH AIHOhilEI- g^mCR, 

13SA1 «4= ^EHSj g^HI ^21 £»2<5H31 IHIM 22SA1 #q^CK XH17^ 

AI3Dl~lEh 257I0U1 ^qEI = 1H|^ ds2f Dia fill, BI2^g 4=M 7hy*Ch 2 

£^7| = , fl|17h!* ^ETHJ #^011 g&^l-OI S§ E#E1^ ?hSS «g 2£hA|5>|H, gsfS 

d ^tchi 2jta smei^ xnom 4=tmcH, §•£ s ^eh^ s^ej^ ssj- xuch iks g^Hii 

s ^3011 S^-N ^Ef^ Sxl^ ^2 ^ZMlAi g ^fij(SPUR)M 2*12 ^ 

iOI^M ShfcAIIJ g?EJ OHJEh 504= oH^EEM 3V*I ^ 2^71- 2iLK 

€gMJ£ 

£ 1^ gEHHJ £4=-N §X1(HI Olg£! 0H£l Ef^ ^^7|g ^3^71 ^1^ ilSEOICK 

^22J ^A| Oil Oil CQ-E AIHDhiJEh «^7IM Oie^ M^-N ^iE^ §>^|§ ^S5h7l 

E 3^ E 20fl EAIS gXlBJ A|30|-^E|- ^^711 ^Soh7| £A|01I°] flgEOIQ. 

£ 4(a) S £ 4(b)^ E 1011 EA1S ^57|2F E 3CHI EAI& ,g ^"22J «27|01l CHti" 

d2:/2-s(S/N)blie H|jn5l-7| ^Iti- E3#0|Q. 

E 5~ E 20ij EA|£! §*I3 AIHDhlB ^^7|g ^Sof7| QE ^AIW12J sl^EOIQ. 

s ° a ^H 2?a^ &a g-xioii s-sj- ^^sAi, mo\, AinahiEh ^^7i# oieti- ^4=-n zw^ as 

51^0113. OlgoF- AhgWmOII 2JoH ^Aia- SEIDIQIOi QOOIEf Aitil^rCHl EHS!" fi^7f S§ 

ohH SICK AI-STJgs oiS S£! s§H3j ojqui g ^ s OI-LIEK GIOjE^I-XlE 

SAI^og ^Aiem^ShS ^1 7hSQ. OlEit! 1 4Ai!0f| CDfl-AI, 51501! CDMA (Code Division 
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Multiple Access) 2000011 A|£ BW^i CCM A/PCS (Persona I Communi cat ion System) CH^OflAlE 144kbps2J 

aioiEf mu\±?i ?^zm saaa. 0121- ve oioiei- mu\±w r^siz e£3£hoim ay a 

^7121 ^u>4 §-^1 (Frequency Synthesizer)^ 500usOI§r2| g^TCsett I ing) AIZ!\ lOKHz 2^ 
§2^ 1MHz 2 = ^Eh4 ¥5CHIA1 -!35dBc/Hz OlSrEJ ^aj- ^oi*§ SAIOfl EWfll 

0* *JQ. 3^ gst AIZ.H2] S^A|?P| *|*|AI. i*Er4 tfS 3CHE lOKHz Ql#2| 

PLL ? = CH^M 7ffl0t *hX 

§01011 = , COMA PCSOil g4-N ^Er4 £JS SWr ^El Ar§£ISKQ. HSU, g4-N ^Er4 

= til in ^Er4*r iHy CH3^0| BOKtt §t= flotg p^q. & /h §xlOilAi *H 

^, CH^^OI 3CKHz/1QKHz£ U|iS^ CGWPCS2I- US 01 § BIT Al^gjQflAj^, CH^ 
^01 30KHz/10KHzMQh W« AfgEICHOt §J"Q. 0I£ e!«, §^-N2J 40*4 »g 4= msO|u r °l 

AJ2M i£g Sh= Al^gOil^ A r §l ^ 2JCr= *H*JSOI 2JCr. 

^EHOil^ §^-N 4EF4 tt£ &fl SB OHJEh S4^-N (f ract ional-N) ?n}4= S"«S£ Ah 

ui- 2ia. nau, oieisj £4-n 4E r 4 e-s §*i§s ch^^ sei-him 2271 se^ oh^kmash) 

Eh22J AFSSO. SIB^S! 4EF4 SMBS ^£711 Sttt!" PLL(Phase Locked Loop: 01 

Sh PLL 01 Ef tJ") ^EH^ ^aSCr. 

£ IS ^EH2| £^-N ~Er4^ &x|0il ^^EIS QH4! (MASH) ErS 9ZE7IM SSSPI 3g£§ 
AL 4*f OH 41 S^M UEhtfQ. £ 1g g-£SrS. 4* r 0H4I ErgJ B2?t = 

?r#7IS(10Qa~lQQd), XIS ±A}(120a~120c) S 4 r&Pll(140a~140d)S 

S4¥ d2 N(k)r M^bl ^OilAi S4=^CHI CH^S^ ilSg U&LH01 7r#?l(100a)01l S^tlH, 
7r^-7l(100b)2J ^2rQa7aA| ^^dl dH(^(k))i «S?tQ. i!2:(f(k))^ 
M^HI g(HIA1 ^, ±$:™ OlUh^J ^^HlOil CH^ SJ^ dsf LfEhLHDl, 0|^ 5)1 3g§ 

7IM(l40a-140d)m €§HS iri+SQ. 2| Vi.^lM(14Cbi-140d)2J iqg ^^121 S^(x)££ 3& 
SD. 2J- ±rt±7\ 1(1 40-1 40d)0i|A| g^£l^ 2bHg£^(ovf I )S (lOObJOOcJOOd)OJIAI CitH 

2D. Dllg MCH, (100d)S ^r^l(140d)2f Vtf7l(140c)2J 2tH#S^# ^h^FH, ?\t*& 2:tHI 

Al XI 3 db7J(120c)2j sq, .5. iritflC 140d)2| 4:g A|^ XISAia StS SdttQ. 0171 

OilAL S-AfS a-s qa| 7r^l(l00c)M £J^£ID*, LKHXI 7h>+7l«(100c, 100b)£ SA^CT g5f*KIr. 
01 71 OH Al, 7h^|(i00b)2J ^^(s)s AiH;2h irOI^7h Q*1S ^M^^ L^Er^ 4 

£ 1 0il £AIS QH£| EhS «^7I1 Ah§5F~ ^^-N fi-g BBrM S*T Al^g UEraQ= 

^D. n£iU, lMHz^20ilAI kOIZ^ §7H ^ OhLIEK 10kHz2J ^4 h £S S^CII 

Oil SlOiAIS DJOm ^ SSI LhErLHAI S*CK SEtt, I SSCC( Internationa I Sol id-State Circuit 
Conference) 2000011 7IXH*!, V. RHEE, A.AllUr B.-SongOB ^ *3b 37^ AlHOhia ^^711 ^ 
1.16Hz CMOS ^4:-N ^Er^> «a7|'2| 198-199 H!0|X|2h IEEE JSSC(Journal Solid State Circuit 
Conference) 1998^ 7^EJ 333011 N.M.FilioL T.A.O. Riley, C.Plett S M . A . Cope I andEJ . 

OMSK L1I0IEI- ^51 ^ WIEItt ISM CH^ ^Eh4= 998-1 008HI 01 AIM S5^r9. §EI-d|e «i 

7IM OIS^ M4=-N ^E^ ^ S-xIMS SaOilAI -40dB SE21 g ^ ffl(spur) p LIEH.H7I tlll^ 
Oil 4^11^ 0|§ g-g-71 Al^gjOil ^gefe 201 CHgCr^ S73ISOI ^1 4= ^> ^El U|M 

7IU OH^I EfSEJ S57l^ PLL2J gSj- ai. ai^^M a^FXIB. S^hHIAl PLL— LH^2| 
£|# ^EF4 2^7! £E£ 1EI SMEi^ M^7|7h UEH.H& UI^SS^S Aj^^m UEf^ 4 

SCr^ 5X11 SOI 2iQ. CCI-EFA1, SSt!" Q^Bj 5X11 g MM Wd^ 4 MD 2l r ^°i ^Eh4 S K 
XI m ?Sofe 201 2?sa, 

s arsoi oi^nAhor^ 7i#^ nw^, imhzsi ^ei-4 ^eoiiai uefus ^i^ inoizse wm\ 

^§ 530IIAI ^ffl(spur)M 10ISAI, §^| IOKHzE] ^EF4 4 Al 

HOr-^Er &Z-?\m Olgtl" ^4=-N ^Er4 SfS §a1# Xii^h^CII 2!Er. 

g- o i _oi xm= cm nm^, #?\ ^-n ^Eh4 s-aIwiai ^E r .4 a-s 

s Xj| F~Lil 2iQK 

£ irsoi oi^nA^h- sEcm n^i^, ^^-n ^ei-4 &s saoo ^uiaoi g»t> ^ei-4 

4^1 7I#^ Mi Ol^l^ltH, S ETS CHI CCFS A| 30 hi Eh ^^7IM 0IS& ^4-N ^Ef4 fc^ &XI 
~, HIIS ^Ef4 i!2£K ^^dlOfl 2J^H 2^ XI10I ^2 ^Kh4 ajh^ ^1^/^^ 

^l^/?Er4 S2KHI ^oH SICH ^3 ^Er4 t!2f S7| SfljEJ g 

4-N S-xjOil £»0| Al, A|30hlEr flll^AJ- 4& S! 21E1^ g$?m ^HIS!" 

CK A|30hlEr 3571^, Qr4 HIMS S^EI^ £1^ ±§2J ^gg E|E U ^ ^I4g 7rX| 

H, 21^ EIE^! 7114011 g&^l-OI A| 30 hi El- aZSoKM, ISrSAI g4 ^EH2J 

HI 1UIM ajsSAI ^q£N3. 4&5, AI3DhaEF S27I0HAI gqti^ IdlM 

DIEI £§S ai, XII 24: g 4M 7rifthQ. ^§ SMdl^ S?7|^ # XHI^ 4&2J ^<M0)| 
SB«KM ^gg gfg «^A1?I3, S±r£! ?rSH SfOfl 2|S« SMEI^ XfiOlg ^tH^rOI. 

g4 S3 ^4: ^EHS i^£l~ SST X1I01 »S d22J ^^fcllg SS^Q; 

£M Eh€ 7|#5i IJIi 0| o,-„ B g. g0fl [fj-s A |3DhlEh ^57IM Olgtt ^4-N ^Er4 STS 
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£1 

_ __ _ _ ._ ._ J7| 
?EQilAI **SEI£ £*-N *EF* tZ£ 2>"£W XDiAl, (a)-(g) EPJg IHltiU. (a)E^I~, AI30hl 
El- S|*h 21 ¥ &q ££21- E|E«T 711*1 SStO. (b)Effil^, 2|- £jq £!±2J HIE*! 711*3 

aw AinDh-ia &ztm m*sehm saa^ §*hi ^st ihimm jrasra. (cjewis. ihim 3 

^1 HI. *02±g*2l- 7K»HL Zfl, (HI 2J ZTjU- ?FS9 ^7|*!0. (d)3 

H=, ^7£j IHI2! 5?FSS 2f K ^SM? ?|@g 2f(HI 2JSH St! Sl&± £*1 *S*H>. (e)AIHOh 

iEh asa #q ^ EH ^ b»ei2=xis sssui, ^q ^EH^h gaaxi sxss s* a g* 

«EH<BP+A*k/bt, Of^lOUAl, B2I- A~ ^ St, M2±™ *, P^ SgEI^: fl|O)0fl 2tfH M*HI)M 
MSHS S*Hlt §q£!CK (f)E^£, (e) EPKNAI £*HI2hH|I2 *Eh* S*H3I a ST 

XilOi ITS *EF* d2i 45g*Ch (g)9-7ll£, (e)E^I(HIAI AJZLOh-^EF 2£S Mq ^EH^ e&a»£ 
9, (c) BTUs* 

£ k 7l EDM 7IS3 Ml Ql¥7|flfl, a CHI COS AIHQhlEI- a£7l = , £|« sq ±% 
2] alE«! 7fl*0il 8B*K)| £* «H2| £*HI dsf 4SSSF= Ai30hUEI- ^£71011 20IAI, XH~HJI 
&Z^m ^HI^Q. H1~XDMB2*£, AIM 31 &q 4221- ElE^l 711*1 7k+ 5! V 

&!*HJI AIHDhHEf «5S ilhM IHIM m^ £»£SA| «g*JD. E*f, S1-SMS2^, 

SEIl^AI, 7f§ 7^ *& a ¥#711 ^HlttD. ^EliqAl^, SOTS-S 1H|M #q dSM g 
SSKH mE«l 711*1 £«TOQ. 7F§ *&S 21* £jq 4!M ±§2TLH¥ 7h§x| 711*011 SB*KM 7f 
f AlflU, 7fiS ell «eO. 71-aj- *E^, 7fS *E!-°] aqi SSjq G2£/d SJIWHl, §£l! 

I2H O-e 9-7B2I S5^2j gaog oj^^q^ 

S CCfS AIHDhlEF S27I1 01S^ ^*-N 5E0-* SfS g 3 gfgOll §^ 

S ESS CI-g2F &oi fistra-. 

£2~a ^§2J 4'AIOIICHI [[fE AIHOh^EF ^2711 OlStt ^*-N *lTh* ^ §"a11 gS5PI 
S^EOID. E 21 *EF* ^ ?^E1(200), ElEi^(Modulus) 

^*7I(250), HIM 2blE1(260), QXIB" AI3DHSIEF ^^^1(270), ?|^/*KF* a»?l(210), Sol- 
Sii(220), Aj^ 12h SE1(Lo« Pass Filter.OI^K LPFEh t^). S2T 731 CH (Voltage Controlled 

Oscillator:0|§K VCOa- &)(240), 7^^(280) ^ 31x1^(290)1 5*»tJ-Q. 

E 22J *H|-* ^ S^l^, U\R *E|-* AIS2K V00 *u|-* ai^I ?|Av*Hh* 2^11, 3 lHhOil 
2MH AI-EH7I- £|ES XilCHohM £J§h^ VCO Ai^m PLL ^EHS ^Q. 

?\£ ?hSE1(200)~ a^WA! 715 *u^* d2(fr.r)S ibS M*d|S ^*em, ^*^j ^2|-e 

-l^/^SF* 3M7|(210)2J SIS^^S 2i7^Q. 0111 10], ^*H|~ SSI * °X£.0\, 715 7h 
SE1 (200)2J #q Ajs:^ uijn *E^* AjH(f r )g U&tfD. 

^|Av*iTh* 2^71(210)^ dim *aF* a±(t r m, ^ S1E1^ ^*7l(250)(HIAi SSEIS ±§ g* 
UIOll 2i^H ^*£l VCO *»* A| 5(^)21 ?|Ah a *K^1 2^^! ^1^ a *E|-* ^Oil 

o|~ ^q Aj^l S^*HQ. 

Em SE(220)^ ^|^/^^* 2^7|(210)2J ^q Ai^Oil #B§Kfl i§2J 2^1 ^^(sourcing) E^ 
^HCsinklng^m, ^aj c£^ Ajgsj go^ 

^ El (230)^ gsi- SE(220)0JAi #qtl~ ai^oj M~ m ^EIDol-Dl S|S2| VC0X1IO1 2 

2T(Vc)l 

?P ) . ( ?? 0) & : a^-f?* §E1(LPF)(230)MA| ^^£1= SIOl 2&(Vb)0f| &§o\Q\ VCO* Eh* 

AIHDh-^EI- S57|(270)£ S1E1^ ^*7| (250)011 Ai §§§ £*d|0il [Q-EFAI VC0*Eh* i! 

2(fWN)l iq gjqufOI §^t!-Q. PLLOI £H ^EH s IXH ^ f,o</N= f r 2F SS*f *Eh*l S=^Q. A| 
nOHBIEf ^271(270)^ 2|^0flAl °I7^EI^ Q* UIM2J fflq da(IN(«/k))g- LH^OIIAI 

eie^ 7B*(bi)M ea^KM aihohiei- e^ra, a sssai g* ^eh2j ^*ai v-xm $sgmo\ i 

HIM Aj2:(0UT(m))£A1 »q*ta. O17I0HA1, ^q dfi(IN(m))2| SfS kM «SE|D|, ^qtj^ 1HIM ai 
2^ 0 E^ 101 1 * 2iCK a^| ^q AjH:(0UT(ra))^ S 271 (270)011 A) SfWaS #q ai^ 

2J £|A^o, HIM1 UEH.HD1, 5|a^o, H |e^ pxil- ^ ^^1 ^2 HIM7I- S * SIQ. 0171 

01IA1, AQDhlEh «27|(270)2J gq# lU|Eg fi§m= PLL2J HISS ^X1I1 EI5F7I ?|^HA10| 

a. Aiaa-siEF ^27i(2?o)2j .^assej ^ o. ^hai^ e 31 m^tm ssaa. 

HIM 3tHE1(260)^ ClXlir AlHOh^Eh ^271 (270) MAI ^qEI^ 1HIM #q ai^CO E^ 1)1 ^ n 
UIM2J 121- -1M «^oHL n HIM ai^M gq&D. CN7IMAI, HIM atflEi (260)2) #qi m - 

1M aSofe 01°^, £*01l 2J^H 5§1 * m±$l°i *Eh* ZES 7^ ^^1 (RANGE) (0111 1CH, - 
0.5-0.5)1 ?>?J*7| fltWICI-. HIM 3bHE1(260)2j gTl g-^Ofl CCfELhAi 131* -1 B3" OH-IEK Q 

E ^M aH1§Se 2E 7fe§ha. ES.N AI^S g71l$h7l(W CIKhAI HIM 2jtHE1(260)l 0IS^73 
AIHQhaa 9^71(270)21 sqg 3CHM Olgofe 2E 7^ShQ. 

EHxl^(290)21 BIIEHS(292)2f «l2aixl(294)S ^ f,oo21 ^*HI SOIIAI §*^2J S*dll l§m7| 9\ 
§- h §* 2f(B, A)# ^|§«fe ^^-l g* 2t(B, A)S g§*f 2!£S fflSEIXI^ OlElt!" 2tl 

g^MHEHDlM^ 2T0I 1 * O17I0BA1, a 1ffl» (292)21- 731 2EHx| (294)21 2f£ t»KM n HIMM U 

7^(230)^ HIM 3 fcHEi (260)2] n HIM pq flSa 2Hxl^(290)2| n HIM #q 7MS*K)I 7F 
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i+S! n die §q aj£§ SStJO. 01 2iS =g ai&5 M?7I(250)01I sqEIOI ZJ-Zf mioi 
?r£E1 (256)2) ?r£EH258)2| ^7>SO 

g?7|(250)= 7H^(28QXH|A1 M^EI^ n HIM #q AjsOH SSSrOI Ufl°l 

5 moioi siti g- a *ehm s^a^ u°i sshkn)7i- bssq. oieT^ §4 ni Mm 

gmii±g$?K25Q)= i£l±?fliei(254) ( 3SE15 fl|0|^(252). (HI 2! 7r£E1(255) S ?fg 
fc1(Z58)g t'oISTLK 

a 221 si ageii g?7i(250)2i ?schi sgkm ^xbsi^m gs«to. 3x1, agy bich^(252)^ 

Oil 21 ?hgEi (256)21 ZOK ?r£&(258)2| ?r#E1 30I8B«KM alaZ Sojg 

sa^?ii^si(254)= aiEi5 aioi #2011 ss*kdi ^hkp as p*d § sh-ii *mtm ^eja ^ 

-yiM CKfAl VCO if3 d2(f,„)i tt^oa Dtll 101, a§d15 39101 ±!£7f SHJI MSIS S SOfT 

p + ioi dojan, m? a^ei g^oiis p?i- d^tia^ ^tan 4= sio. 

WI3 7r£E1(256)£ aE|5?1ISi51(254)0||A1 dsOil SS*HH ^B*m. 7fd¥ (280)011 Al gSjEI 

zr nHI S g>§ AIM BrSOO. ^, 7rd^(280)2| #qs SEH2I g*H|0|| AOOhSB <* 

57I(270)01IA| ?*|2 £4 ^EH2| g=?U|7|- QJIS gtblHS. QMS #3#W3 7 iE1(256)2| %%m 

SBtfKM ?hgSoHl, (280)011 A1 gqEIS n HIM 2t§ ? r £§l AlwVsWo. 

OI7KHA1, IMS! ?^E1(256)2r 9rSH(25B)£ 5MHEH01M 7f£E1MA1. £71011 ig 2>og a 

SHOJ 212. =ei5?|liJ£1(254)2| gq dSM SSWI, i7| g§St©S OS ?1SSe A|3f?+P-. CH 
?H2| 3° OIL US! 7rSE1(256)2| 2WI ?r£E1(258)2| SffiQ a? | Sf(H L iiS? 

5>SE1(258)2| a0| qjsi 07h SO. 01 OH, 5>^a(258)^ 2!« 07hEI3, A 1S? ?h 

£EH258)£ SAI §STg SAl^Q. 01*011. OfigJ ?hgE1 (256)2? CHg 9\£m£ 2WI 001 Sm. OOTB 
2WI SaaO) M2J ?^gE1(256)2^&S^ ?^E1(258)= QA| §Sf| 

a 20ii axis uhah ^01, s stsoiiai, aa-agsi^ g??i mdoi <=% asa^ oiss^ 

OIS^ Sgtf PLL2| H|A|^gCH| Z\±mt?\ ?l*J-0IO-. 

a 3g E 2CHI a All! g^-N ^EF4= §*|2| AI30hlE|- S^7|(270)g gg§f7| $1*1 £AI0t|2| a 

sasAi. *» on uEma. a 3s £^55^^. Ainm-aa ^571(270)^7:111-^4^ 

5^(300-330). atHSM^ 2§7I(340) S gf»»7J06O)» SthjaT U ^ A1 ' 4 ^ 

>31 1^4^5^(300-330)^ AIM 33EI01, 21 "MA1 SJ^H^ Q4 HIM £jq Ai S(iN((I1;k))2h >.g 
21 u|a«J 71|^(bi, i=1-4)(HI °J$B A|HOI~aE> S5*0. CH7I01IA1. aia^l Tll^fbO^ 2fX1f Y?\ (350)21 

mm nan °\n *wm stoio. siiss^ooo)^ wtjom), aQl»AK306) r^Kaoe)!^ 

g^Q = 7^71(304)^ g£jq dSSAI 21^ dS(IN(m))§ 2!7WHl, ¥(-)2J^£SA1 lE|g 
mM (306)21 #q djSi °!71S1D1, °!7hS S tlHi 7h^D. CK= HIM Bq dS(?M7i)^ HS f l 

^71 g|q d=(IM(«))£ a10ia= 7fS (weight! 09) 2t§ ^= LH" 7^x1 Jll^Ofl S|4| H ^ 7^3 
°J ^2 L 30 ^ W a - a = 501 H^SISFD. Hau. alS CH7H 0-1 AK)|2| S£g gjjAiak all 

«jy gqa= a^i ihim zwi coehAi ^?ji2.hoi ati aqfl^ § a^ ^21 ^4 s^^E|D)/5^d' 

?JIOfg^M 2«)IO. WIS MOI, uia«!! ?B^(b1)7F 62976^ ^gg 3°0j|, °f AHI-7 1 (350)01 A1 

#^3 1H|M(0UT(m))7^ 0013. 6297601 <3S|E|01 gjq dH( IN(m))M^E1 629760I 2J-AhE|Q. w 

3, gf»»7l (350)011 A1 gqa Sl^l 1HIM(0JT( m ))7h 1013 -6297601 flaiHO I illSS SJq 
i!S(IN(ro))2f Kia«| ?1l*(b1)7m*H20. 

§q= 73I2S5 

_ _ _ aAia HI-91' 2> 

01. 7^71(36)^ X1371(38)3 Ma»7 Vif 71(308)21 fflqY^ILWaifs gjqg yEF 

3. x+y^s XI37I(38)§ SsfOI OAI SqSO. XI 3 2 2f(**y)S 0§ E^|2| 7fS7IM 

HI2S5¥(310)£ 7I-S7K312). 7(-if7|(3l4). ^d"7|(318) S ^ElgSIAI (316)§ StittCK 7I-S7K312) 
£ JilllS5^(300)M ssKfl a5?a (aoiEU 5§ 4(a2)3^ 7^fdo. f SA^ 7^71(312)^ 4 
i.i-7l(multiplier)g OlgShXI £iaM SI XI i El M ^3o| ^ 51 Q. ojg goi. al-a4= 2°2| 

^§1 4 2i£01. 0ia» 7^71(312)011 2jqE|= 7?57|(312)(| 2|oiA1 ^159 El 

01 2"Shg gOie 2fo S A1 *qgO. ^Sl, 71S7I(312)01I 2jqE|= QUO I El 2fS, =55 (dynamic 
range) AISBIOIdfi S5|A1, glfi^ u|E§ gJEWrfe 201 7feSrO S3 0JU&. 
Oil 2|5H UEiU£ 0-2) Afo, y|E§ fgog^ HIM2) Sl^tr7h OI^CHl' 4 2iO. 




g3B5*(320)& 7rS7l(322). 7ri+7l (324), SEIMqA|(326) S i?d7l(328)M ^«SO. 7314^ 
^l ( l 30 J^II 7,(332) ' ^d7|(334), SE|gq/d(336) S 4^71(338 S liSVn.X 13^5 ^ 320)5 
fll4^5^(330)M ^?S5r= 2f fi5§2| HI 2^5^(310)21 7g S5S2h SA(-§h°S g 

3 §S§ ^SfSO. 3X1. §EieaiA1(326, 336)01 AJ a*HS m£«l ?H4=(b3?b4) i ZOT is 2 
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2i3, 7rS7l(322, 342XMAI ggE|£ LH^ 7«^(a3, a4)E SJg*»- ?>E^ 

Mf^? g^7J(340)£ *i!4S£^ (330)21 ^£j\7| (338)21 ^MOflAI £d1M£<?§ 3»Hl, g 
1KHI 2j*H a 2^ (300-330)21 Vtt7IS(308, 318 , 328, 338)^ E\{$M9\?\ El 58 £2:(reset) 

1 «aCO. CQEFA1, ^711(308, 318, 328, 338)£ Elfi! £!2(reset)0fl SBWfl *7I»SQ. ot^icm 
A|, 3#7I(340)£ §EH2] g?H|(k/b1)7r 0.5§ 3*1 £2FSF= S^Oil W»EI°£, 81 

& §Sf^ W | £|3 2§ ^71 M (308, 318 , 328 , 338)01 8*00. 

Sf»S7l(350)& H4B£^(330)2J ^£1-71(338)21 d2f EJ^FOI S#*| diMS 0E^ ISA) ^ 
tf£S« g> c AF£F7l(350)2j #q aiss pi. flj 1 -a 4S 5^ (300-330)21 SE|g©!A|§ (306,316, 

326 , 336)01 A] HIE*! 7\\^ Zf(b1~b4)S flB|*rSa 0IS8Q. E*h (350)2| £!£(QUT(m)) 

£ 22J HIS g«|E1 (260)3 B^SCh 

£ 3011- m Al HO hS Eh ££71011 CHoHAI EAIEIOi S£LhE 501IA1 SSI S*SS 7Hy2J ££71011 
21*H n*F Q|#o S STCIEIOi ?I&4* ttg 9X101 3§EI = 201 7|^SFQ. 

OloHWAi, E 2 91 31 &2oFOI S gfgOil AI30F-1EF 01 § OlStT ^^-N ^Ef4= &g 

E3*L S ITS Oil CO-g ^-N =*IE1-4= fc>S 9Mfe E 321 A13Qh§!Er 2£7l(270)g DIM^H^^j 
«EH S £4= ^EHs HS fv. 0 2J g^dll KCr. A|30hi!Er 3371(270)21 M^OI BfSEI 

01, E§Ei± S?7|(250)0JA| ^HX|~ OS 1 CHI UEftf Hh2r JTSDI , VCO^EF^ 

i!s(f,oo)s inh boi qws 4= hq. 




E2| £§01 gOmSEK E£h kZfSJ 51 CHI 21SH dim ^K^(f r )2J B0| £g! 4= 2JCF. 



E 3CHI EAI9 AJ 30 hi El- 35^1(270)^ 5 ST WS ^Wt$ CH^OflAJ 0 0 ^tf 

kOI*# ^uK^og MLH ^ l^qjx *|| 0| H] (noise shape r)2J °m eo. ^ffll^^M, AlHOhl 
EF 2£7|(2TO)^ 2t 3^^(300-330)21 ■ (308, 31 8,328, 338 )S BttO\ &q QIOIEFM ¥^H1, 

n ^i=EAi?is/i if»a koi£2j mi oi soi goiyQ. eoefai , toi^ auoisoi sxh§w ars 

dijnm ttH, ^Eh^2J iOI^^ 3711 MOIMIl, ^iE^2i h:0|Z^ ^EF^DIlAi S 
01 S g^Q. 017ICHIA1, ^KF4: CH^GilAi i^E!^ kOI3^ 73^ ^Eig AFg^g 

^ ^il^l" 4= 2iQ. £ S*S0«AI^ AIHOh^EF 3 (270)011 Al ^45EI^ CH^2J b:0|^^ 

PLLOI Tcj^ #2h ^011 21tH PLL ^EQilAI AF^^^Til XilTIl 4= 2iQ. 3 ^EF4= fe^ 

MQ S/Ndll ^4= Ztm ^ SAa. ^, ^ ^EH21 °2 ^^H|(N,)M 4= 

%^ 2^ uERiia chS2f ira. 

WIM SOI, ^71 blS^g 62976# AI-gSFS g^(HL N r ~ k/6297601 EJOj, k21 «?1^ -31 443 < k < 31 448 
01 SQ. 01 71 Oil Al, k/bl^ °>SS S^-S £loH, 3 ^?I7F -0.50AA1 0.5 AFOIS WySD. S &SMAI 
alH^ 7H^(b1)g ^I^IIAI SEIgSjAIEWI fi^EIA!^, Sf3, E 121 DH^I EFS 3 

^ICHIAIS ^E(b1)7F 22J HH4=?F Ofc' S^CHI^ oFE?J|CH# i25 fiO. CQ-EFA1 , g BTS0IA1 

=^4:^EH2^@^H|(HI SiCHAI, ^E(b1)7F 22J m&t OM S^Oil^ ShESOCHSJ^S 2 0IS1 ^ 
EF^ ^Ib ^ 4 1 2i EF . 

EEh S ^ h S2J ?uF^ ti-S SxlOil ^IgEI^ AI30F-1EF 3571(270)^ iOI^S ElF^ 

— ^ 4= S!EF. ^, inOIZECHI LWtl B SS2J sUFM ^S§F?I AI3DF-1EF 

ei7l(270)21 iO|5 3^1 (Noise Transfer Factor:0I^F, NTF)^ Z tJ-4=£ LFEFLH^ 32F 

v?>- - J±i*l l JL Lij^lll* 



017ICHIAi, 0(Z)^ Z 1 2j n7:F Cf*^ (polynomial )M LFEFLH 01 , 3U ^Kh4=l ^ aE1«2(Butterworth) 
n?:F EFt^OI AF^EI^ 201 2f§S! ^ 711 S ^l$H dF^oFCF. 
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^, 4^ 321- m\M tiiinti- unah iroi, b irson me aihohiei- g£7i(270)2i bcoi* 

2£g(NTF)£, DH^I EfS S2S7I2] kO|* S£gl> HISS" OH, 0(Z)2g Q 6^0120^ 30IIAI *WI 
7h 2iQ. OlElt!" b:0|3 SdBOl CHt!" S W32I 0|gs £ 4 0flAl 9«KI EEHt!"Q 

E 4(a) §! £ 4(b)S m°i QH£I EhS S 27121- £ &g #q AIHOhSB 227|2J k0| 

|*^2i*?gS S |^Q S UEhyjCK WIMAI, £ 4(b)£ dim ^D>4:(fr)°J 0.04HHS 5LU £ 

= , E 4(a)08 EAIS £2H2J OH*l EFS B£7|£ SU ?I&4S 3>73 SHI, 4^71- S7W0I CKI-AI 
kOI* UFSI7I- 711^ §7K5h£ £ 4(b)CHI EAIS S Bfg2| «£7|0Ui = B§ *Hf^7l- EIS bcOl 

* M9l?t □ Olfif SWKI »©D| gfog o X(a ^ jjg g. ^ O.Q 

Mil SCH, 4^ 39} 42| nOI 4Eh 7h§5F3, SEH2J 0H£| EhS 9S7I2J kO|* S§§§, ?IEF4>7* « 
27I2J §^ 52^, ^, HUH ?iU^(fr)2| 1/2M S5l h OH, Z" 1 —101 SQ. 01 UH, £ 4(b)g 
2, 2£7|2j Ol^g 3U ^DK=M ^OIAISAI 0011 S5WI USUI, gfTJ-Sf k0|*7f 0|jIhSO| § 
^£101 kOI* 2£#(NTF)£ 101 SQ, OH£l EFS 2271 Oil A1 = #71 -^aj 40 ^^ Ei k0 |* g 

£s(NTF)OI 1601 £|fe SO. g ITS Oil t&S AUDh^EF 2^71 = ggt.1- gf2] 

Sf»» kOI*7|- ?OISCKQ 7fSIf ttL OH£l EfgJ2| g£7|01l tiloU £ = ^Kf^OilAI 16HH°^ ^ 
S kOI* lij-Slg LfEHSD, ^2l-3£5, PLLOil 3§1 UH£, 16HH°j-g2J £|ai- h:0|*7|- 2teSO= 211 

£?h £ 3011 EAIS S AI30h3E^ 2271(270)^ ICKHzB] ^EF4 5H^£M SSTSI 4* 

a^. g^^g 01 e e^ioiiai u€iu= oii^M eote ^ sck oim ^f-i£5 ^sera 

O-gSF ITQ. B ^SOilAI Si ^H^£^ bliS ?i»^(f«)/b1 £S SSSD. mm M0\ , Hlifl ? 

D}4=(fr)^ 9.84MHZOIH, btOJ 62976013 £|i ^D>^ M^ES 10KHz/64S ^ 2JD. IOKH2M 

gXS ofe ^El^> ^EHS UEI-LH3, IOKHzSJ §SJt.i- ?E}^ ^^£1 S~ 2101 7fe§FQ. 

S CHI CO-S ^H>4= t.^?|2| AI30I-1EI- ^^^|(2?0)^ S/NHI1 SAimgAi HIM S^S^ 7h 
soFCH, £FE2IIOiSl°i £tO\m ^hAI &^CK tH£!, 7^1 2K 3|AI^E1 S! ^EIM^I 

aim s^i (270)71- ^sua?i msoii Ai^goi 2ffi!*iSDc ssoi aa. a 2ion£, s &ssj Aiaah 

|B ^271(270)^ 4» 01^21 Hn OlSSOil CCI-EhAi OKDISHC IDLING) g 0 | TjSj BTtfftKI 

§2^< DS ^^7|0j|A12F ^S LSB PQ1I1 SfiSSW ^, 857121 ^TS ^oqu 

HI^L ^OWTil £13 ^Eh4=2| «^0| S01M7I USOIL mS ^K^OflAi UEHJ-S biOIZ 

01 SOiM 4= S!D. 

£ 5^ £ 3011 £A|£j 47* AlZlDhlEF 857I2J ^EHM ggSK?l SISESAI, 

XH-SI4S5^(400-430) a 1 aW»7l(440)S 

£ 5M g-^Ul-3, X-ill^i^(400)^ ^§71(402), 7^71(404), ^^71(408) SI ^ElM^i A| (406)M 
^t\M B M^- M J m) - SW»7I(440)OIA| ^^£l~ 8^91 IHIM dH(0UT(m))01l S|ft| KIE^ 711 

7hg7l(402)~ dS(IN(m))M 2!7»HM LH^ 7^x| 71l^(c!) &S dsf 7h^A|?1 

7^7|(404)S S^AIgiQ. ^71 5^|(c1)S OSF 1 AWI2J »2S flSBCK 

7^71(404)^ SEiq iJSSAI °!7F£|^ dS(IN(m))2K £\±£M 2!7I-£I^ 

BEIgeiAl (406)21 ge?, 7fS7l(402)2J gc* 3> SQ§ dSSAJ 2J7F£|^ 7FS7|(440)2| «qe 

7F<y^D. 0171 00 Al, 71-^71(440)^ bt 01 21 01 EQE U|E a ^ Tli^^AI, X1|28ZS^(410)2| mm\ ±% 
^iJKvDl *7BHM 7^71 (404)011 A) aiftHIK 0171011 Al, CIE^ 7!l^(y1)£ OHF 1 AfO|2J JT£g 

E^ Slie3^(400)2| 2Jq 6!a:(IM(B))S LH^ 7FSxl 7l|^(al)0il ^JoH 7^£ICH 7K*7I(404)S 

Bl 4= SO. £ 30UA1 ^gtl- H«F SOI, 7|-gx|(al)7h 121 2^011^ d2(IN(m))7h ZICHM 

fll2-fll4g£i?t(410~430)°l fflHS5^(400)£h SA^hSM, 4S^=!Q. ££t»". BI4S 

i¥(430)2J ±f£*J\ (438)2J E|C«| ^ (y2 )0i| ?^£|0| HI 3« 5^(420)2) 7^7|(424)°J 

dSS/d 2!7^Q. fl|4S2^(430)2J f^g SW»7I(440)* Tl^AI 3 331= M 

4^1 I HIM #^(0UT(ra))^SA1 iSS£!Q. 

E 5011 £AIS A|□D^ J 1E^ ^571^ £ 30)1 £AO AIHDhiEf ^5?|2| g§g «EHSAJ, S 
(HI M<^-N ?EF4= SAIOJ gSSW SOI 

ys igwf swgsi&ioiQ 571 ^ oi§t - h =^" N ^° ^ ioiiai 4: * jei " ^° 

£ 2 ~ £ 61 gfSSKJt g^-N ^« &BO| ^ffl|aj2S 2*1, £ 321 AIHOhlSB 9 

2^1(270)0)1^ AI3DF-lEhS21 *|« k2f, blZtOI flSSQtfieoOEPI). fll 6003711 0)1 Ai b!2| klOl ^ 
SEI3. b!2h klOil 2|sH A|30hlEh 9 rEo l-CH , ^4 ^EHS M5d| dsl 

1U|M(0UT(b))S *ejttCKH610cp||). 01 W. SI610B7II0IAI, g^EI^ IU|M i!H(0UT(i»))g fflll 
S S ^2)0)1 7ag-S^B^2K H|22H*l(294)0fl «5S A 2KHI QSH2, Q«g 2fg =g £M£1i 
g?7l(250)°| HSJ ?hSE1(256)£K i^g^ ?^E1 (258)21 £0|| ^7[tKKUSZ0Bn) . 



S§ £SE1i (250)2| (Hl°! ?h^E1 (256)21- ^^S? ?^E1(258)2| ?hSK s 

7h^(280)2| ndlM g«0)| 2,51, a qqi WaSD. 0©AI. fe^l « 620B?)I0)I A1 0)12! ?^ 



S £ 22| 

71- 
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s ^a-s? ?tss sroii asH si siei^ g?7i- 4=?ssa(*ii6303-7ii). E^aum s-oi, =ei±m 

§a(254)2| g=?ti| P P+1£ 0112! ?F£E1(256)2K ^SE1(2S8)2| 7h£S StCHI 2|» fii^l 

± <ySCHI 2ioH SBSO. 01 IN, AIZWHIB 3271 (270)011 A| g£ £1*21 S a 

^sl-EISi^XPh SSSCKHWOEPI). 3S, *064O37flOilAi, AIHO^EF 2fH7|- 8351X1 

SfeDS, g^ 9i £4=£ £*!EI^ VCO ?iTK£ g*ti|, ^ l BP*A+k/b17h g§SSQK*ll65037ll). 

CKW, SI 6503711 Oil A1 #q*l ©5H|*b|ia ?E^(f,)(HI °|«| VCO 4^4= £!H(fv.o)M 21 4> 
HCKH660EPI). 

Jill 6503711 Oil A| g^HIM g^Sfe E 2011 £AIS fcJfiF SOL Sol- (220)21- 733 #2h 

1' El (230)1 SftKH gEiHEIS IFg^ 7lX|A1 OI^OiSCK E*h XU64037«01IAi AIHDhlEf 95 

s m 2fH7i- s^soa, asoEnia ^?iskh 27ia araoi smsa. 

Ql#, ESa- SAUAIDBAI 333 flAIOIIBOl 7HAIEiaQ. CH7IA1 Mtf §01801 AFg&ia^Lh OIS 373 
B ^Si SS^7| Wt* SWOIAI ASB 201 Al 2|0lttS0IU ^g^gSIOH -71 as & Sf32| g£ll 
BIWPI A«S 22 OHJCf. HEiES S ?ls £0*2] g22| Al*!8 7R2 AhEhS 0|£¥Ei Q 

gf» as 3! Smtl EF 6' AIM 71- 7I-&SFDS §M OfflW 201 Eh [CHiM, g &-g2| 7|g3 M 

S g^^l ^«g^g?|2| 7I#3 A^Oil Sin 3«1XI0* IT 20IQ. 

s irson c&gs, ©4*-n ^ai-^ as u\$**gm siawa 925s, ^g ^zkhiai 

g 2IH($PUR)t 4= S!H, CH^OilAi ?I2 ^0128 10dB 012 gS! 4= 2iQ~ 2»7|- 

SQ. E*h B »3(H|A|£ AiaOhSEF 9 5? I (Hi 2JSB HIE*! 7fl^(b1)M 2a*KM ^uh£ SH#£g 3 
Til 2§IT 4. an, ol-ESIICHS 3£iWS 4= aCfe ssoi aa. 

ESh H g"S(HI 10KHz2J ^11^ *H2*E8 SSWMI 2§ 4= an, 2 271 Oil Al ^fE?J|CH32! d| 

m a^sn 4=at.^sMi snivel ufe$-iich afoi^m eg 4^ aos aa. s ^souai 
lsb aaa mzm mRz »w Sr v ^c^ saoi aa. 

1. ?l£OI £1^ UIIH ^E>4^ £!2:2h ^g S^HIOfl £i^H X1ICH ^IE^ d2§ 
£12-/^ 0*4 2^oFJ2, ^| ?|4V^Ef4= 2^3 S2KHI °loH ^71 SS" CH ^-S ?DJ4^ 

= ^1^ ^EH2| ^4=-N ^uF4= «g 5W0I aCHAi , 

cf^ hims s^£i^ a^ d^ah ^gej ^sa itie^i n^m Jmn, &?\ a¥ 

alE^? 7114^011 eSthOI AIHOf-gEF 85§ra, fe^l gnfSAI ^ ^EH^J M^dl 

^^ul-Oj ds^Ai AinOHlEh 9^1; S 

^1 AIHDh-^E^ B57IQBAI &?\ 1HIM ^ Dlfil SSS fllh M2iS 

2J^H SgEI^ XII CHs 4^tH^01. §4^ g ^4= SEHS 5SE|^ 291 XflCH a h a 6!2:£J S^HIS 1 

gofe aeei^ ^y\m ^mt^ 2g mg^s ^-n tt& sxi. 

2. Hilton aoiAi. 2-71 aihoh^ei- 

sshg ihim aihsai a o h ^o^ m-nN(>i) si¥§ ^tii5hn; 

271 Wl^flMSS^, 

271 1H|E 6! SOB S&5I-0I 271 IDE^j 7114^1 ^^fe ^EIM^IAI; 

aq d£* ^8S|. LH4 7^x| 784=011 SB^W 7FSAI7I2, 2 h 7| 7FSS i^ol- 3 CHE tWJ 

7^ 4^3; 

2-71 7[g 4^321 ggq {MSSAI 37^H, 271 SEIg^lAISJ "gjq AjSMAI °J7hoh 

CH A1S 7F^F~ ?;il27h^ ^3; a 

27I XII 27^ 4321 m^m ±rtftlH, 271 SjU-9 ^^ofe V^7lg ; ?H|tta ( 

2-7i Aligns] a^ 27i a^ aq dsom, 2^71 »i2^im^5^ a^ 6! 2^ 012 ettiisu 

dS3 2§ §FS £4-N ^E>4= H2 &X|. 

3. li\ZLW\ aOlAI, 271 M» AIHOhlEI- «57l~, 

271 Till MS 5^011 ^Hltl^ SIMVi+7121 g^OIIAl &45EI= £tHIS?i SSmCN, 271 M\~MM±rt+7\ 
m E|«AI?lfe EIS a2§fe ^d!MS° 2^711 Ci ^H|5fe 21 ^D^^ ^h^ ^4-N ^KF 

4 5x| . 

ti=?& 4. HZtKM aCHAi, 271 Mxl- A| 3D hi El- 3^71^. 4x|- A|3DhiHa 22712! 28 
ol-^ ^4-N &X| . 

5. flZtHH aCHAi, 2-71 Mxl- AI3QhH& SS7I^, 
2 h 7l LH^ 71-^^1 7114=011 271 ^ ^^713 HIM 4M s|5JtFSfe 2# ^S^S ofe ^4^-N 
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4 tig §■« . 

Hlftffli SiCHAt, #71 52 21E1± g?7|£, 

#71 =EI±?09E100AI S^S d±0fl SSSKM aeilftll. 5^15! S2HHI #71 J5017K+ 4B°I #§? 
t'Si H>3*K)I Oil?." ?fgi 2TSSAI Dfloi ^££1 ; 

& jj^gHjaM^^aaoi^swia^wii. #71 aiw^aai #3 dsi shsskw 

#71 0112! 7fSE12J ?hSS2f2h #71 :±§M? ?^E12| ?1S§ 2JO0 SEftiOl #71 2gS1± *flOi dS 
g £5S8h= 2§E1± HICHAM ^UlSfe 311 ^3£M Sfe £4-N SEF4 ttS 9*1 . 

m?%> 7. nitfOI 210) M. #71 M4-N 40}4 &g #*l = , 

#71 AinohaEf 9£7iooai g^as iuim #q iisg uim amnsKfl #71 uim amgg! a aw 

"71 432M 2!7hS1S UIM 3 HI El § □ ^Ulo^ 2i sgog Sfe g4: _ H ^ Ef ^ tg§ 



§^t> 8. fll?*K>fl °{CHA|, #71 &4-N 4Eh4 = , 

#71 wii, a2 ±m 4g *m azm= M2a\nm □ ?ui*^ sis s§o§ Ste ^^-n ?ei4 

4!# 9X1. 

ma*. msmmaffikium an sima%i§ as sis 

£ «# §71 ^ = 0«A) 41321 = M4-N ?IIf4 ttS &g(HI 21 DIAL 
(a)A|30Ha «i§ ?I*J 2I¥ gjq dS2l 212®} jj^j cpy; 

(c) #7l I UIM #qg SOI, HI2£g42|- 7fd*Hl, #71 7fd§ Z», 0112! 31-SD SHU- 7^9 

(d) #7| ¥719 0112! 9mm ^ 3 #71 £WM? ?tgg aofi SltH ^§ 2g21± M?g 4«5h= B 

(e) #7l A|30h^E>BSa S^' #EH71 wslEISlSAIg 5E!tm, #71 #EH71S512IA| SISt°3 

i* H iuf,i w^hgrn^sr "■ "" 2iS *• * ssai aio,M aM ss 

(f) #7l (e) BTflOOAl 1§S #71 M4UI2I #71 UISI 4IU4 SSKB #71 2°' 3901 ITS 4I& 
4= iJSM aSSte EJ-711; a 

§^ 10. fl|9^0|| SJOiAl, #71 (b) B?ll=, 

iS2| LH¥ 7hgxl 7114011 S|*| 7hSS a^, £)¥ gjq AjS2F #71 EIE^ 71! 4M S *ri!5Hl. 
#71 Vi+S 32H §e»fe Mt* B5g 4=*«5^ 2111 l§2S Sfe g^-N tiS 

S^tf II. JS09&OII S10U-I, #71 (b)3?« = , 

#7l^pgJ^0jl 2JSI £d1§£=>7l- WatIS, #71 i?# EIS!AI7|= 2# |§og s ^ M4: - N 

S^eT* 2^as^ds2F, ^§21 ulEffl! 711400 §4 *!EH2| M4UI d2§ ggSKr Al 
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#71 -ai-flMfflS^fe. 

#71 IUIM §^ dSOi SS*K)1 #71 E|E«! 711 4 g timtK= lEIgajAI; 

^l^lg^^Hg^SSI LH^ 71S« 71400 7hgAI7II2. #71 71S1! ill! g^S^ 

AIM ^^JaP S|. I. 21 * d ^ £A1 2J ^ :2 ' ^ = ¥S^SMA| 2.I71S101 

ipaifflg mifflvaifflittsf 3 ^ oj7 ^ ^ AJ71 

§^ 13. 11112^011 SiOIAI, #71 AJUOhlEF a 571^. 

#71 JfflMe^OO ^UIEIS SOMipd-7121 dSS¥E1 2U1§M^g 2 go HI, #71 SSi! 32HM HI 
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